A Chinese hamster cell cycle mutant arrested at G2 phase has a temperature-sensitive ubiquitin-activating enzyme, E1.
The effect of restrictive temperature on ubiquitin conjugation activity has been studied in cells of ts20, a temperature-sensitive cell cycle mutant of the Chinese hamster cell line E36. Ts20 is arrested in early G2 phase at nonpermissive temperature. Immunoblotting with antibodies to ubiquitin conjugates shows that conjugates disappear rapidly at restrictive temperatures in ts20 mutant but not in wild type E36 cells. The incorporation of 125I-ubiquitin into permeabilized ts20 cells is temperature-sensitive. Addition of extracts of another G2 phase mutant, FM3A ts85, with a temperature-sensitive ubiquitin activation enzyme (E1), to permeabilized ts20 cells at restrictive temperatures fails to complement their ubiquitin ligation activity. This indicates that the lesions in the two mutants are similar. Purified E1 from reticulocytes restores the conjugation activity of heat-inactivated permeabilized ts20 cells. Ubiquitin conjugation activity of cell-free extracts of ts20 cells was temperature-sensitive and could be restored by adding purified reticulocyte E1. Purified reticulocyte E2 or E3, on the other hand, did not restore the ubiquitin conjugation activity of heat-treated ts20 extracts. These results are consistent with the conclusion that ts20 has temperature-sensitive ubiquitin-activating enzyme (E1). The fact that two E1 mutants (ts20 and ts85) derived from different cell lines are arrested at the S/G2 boundary at restrictive temperatures strongly indicates that ubiquitin ligation is necessary for passage through this part of the cell cycle. The temperature thresholds of heat shock protein synthesis of ts20 and wild type E36 cells were identical. The implications of these findings with respect to a suggested role of ubiquitin in coupling between protein denaturation and the heat shock response are discussed.